The goal of this work is to design a processor for underwater target detection with superior performance to the commonly used matched filter without the efficiency penalties of the optimal filter. The theoretically optimal filter for active detection in the ocean is a correlator between the received signti and the convolution of the transmitted signal and the impulse response of the ocean. This filter is seldom employed because of the considerable computational overhead. The practically preferred method is a standard matched-filter that correlates the transmitted signal to the received signal. It is computationally efficient but analytically suboptimal because it ignores the effects of the propagation medium on the transmitted signal, The standard filter is also preferable because of its attractive property of portability across environments, this feature stemming from deliberate disregard of the physics of the propagation medium. Here, the potential for improving detection performance is explored through modified matched filters that retain the portability property but do not resort to the exhaustive multi-parameter grid searches of the optimal filter.
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Optimal and Suboptimal Detectors in the Ocean
Signal detection in a noisy environment is a problem discussed at length in the scientific literature. Assuming additive white Gaussian noise that imposes no distortions on the transmitted signal, the optimal detector is a simple cross-correlator between the received and transmitted signals. In contrast to this idealized case, target detection in the ocean is substantially more involved, since the propagation medium is dispersive, causing the received signal to be significantly different from the transmitted signal. Theoretically, it is easy to derive the optimal processor: as in the ideal case, it is a cross-correlator, but one which matches the received signal to the convolution of the ocean impulse response and the transmitted waveform. Practically, however, matters are not so straightforward. Implementation of the optimal processor is a complex and challenging trek, because the impulse response of the ocean depends on many parameters, including source-receiver location, bathymetry, sound speed profile in the water column, geoacoustic properties of the seafloor sediment, some or all of which might be highly uncertain.
To avoid the computational burden of the optimal processor, a suboptimal processor has often been tiplemented: a simple correlation between source and receiver time series that ignores the channel effects. The cost of this simplification is significant performance degradation as has been demonstrated in [1, 2].
Improving the Performance of the Suboptimal Matched-Filter
In this work a processing scheme is developed that retains the simple structure, and hence computational efficiency, of the suboptimal processor while obtaining some of the improved performance of the optimal processor. It is proposed to replace the correlation of source-receiver waveforms at the single maximum peak by an average correlation across multiple peaks. A similar procedure has been successful in source localization by matched field processing, where more accurate location estimates have been obtained by using sidelobes in conjunction with the main lobe of the ambiguity/correlation surface than from using the main lobe exclusively. Including secondary peak information in the detection processor improves detection performance by increasing the probability that an included peak is the true peak. With a noise contaminated signal it is possible that, in any given instance, the identified maximum peak--the single piece of information exploited by the standard suboptimal processor-is a noise disturbed secondary rather than the primary peak. When this happens, target detection is very unreliable.
Including multiple peaks reduces this unreliability without adversely affecting detection performance when the identified maximum peak is the true maximum. Figure 1 shows the ROC curves obtained for signal detection at a single hydrophore using the optimal model-bwed matched-filter, the standard source-receiver matched filter and the improved variant introduced here. Clearly the simple matched-filter is inferior to the optimal filter m shown by the ROC curve comparison.
The new filter performs suboptimally m well (having an ROC curve inferior to that of the optimal filter) but improves on the standard matched-filter by an amount slightly higher than 1 dB. The 1 dB gain is not a dramatic improvement but it is definitely a desirable effect. This improvement also demonstrates the potential for pushing a simple crosscorrelator towards better detection results than the ones achieved through a simple correlation maximization.
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